In naturally and experimentally occurring scrapie in sheep, prions invade the immune system and replicate in lymphoid organs. Here we analysed immunohistochemically, in seven spleens of 6-month-old healthy sheep, the nature of the cells expressing prion protein (PrP) potentially supporting prion replication, as well as their relationship with autonomic innervation.
INTRODUCTION
The transmissible spongiform encephalopathies (TSEs) are neurodegenerative disorders in which the immune system plays a critical role in the pathogenesis, not only as the initial peripheral site of replication of the TSE's agent, but also with regard to its implication in the neuroinvasion process (Aguzzi, 1997; Beekes et al., 1996; Race et al., 1998) . Both nervous and immune systems have one of the identified cellular requirements for the replication of the TSE's agent that is cellular PrP expressing cells (Brandner et al., 1996; Btieler et al., 1993; Horiuchi et al., 1995; McBride et al., 1992) . Within lymphatic tissues the germinal centre microenvironment has been more particularly incriminated in peripheral prion replication with the implication of B lymphocytes / follicular dendritic cells (FDCs) (Kitamoto et al., 1991; Klein et al., 1997; Raeber et al., 1999a; Raeber et al., 1999b) . How TSE's agent propagates from lymphatic tissues to Central Nervous System (CNS) is unclear but autonomic nerve system that innervates the lymphoid organs may contribute to their dissemination from the spleen to the CNS (Fried et al., 1986) . The comparative analysis of the PrP expressing cells topography with the noradrenergic fibers of autonomic nerve system within the spleen may help to understand how the infectivity spreads in the course of natural infection. The purpose of our work was thus to determine in sheep spleen the immunohistochemical repartition of noradrenergic fibers and PrP expressing cells.
FIGURE PrP expressing cells detected using 4F2 (A, C, D) within the spleen of healthy lambs. Note the density of PrP expressing cells in the coronal area where FDCs are also seen using CNA42 (B). In the limit of the mantle zone, PrP expressing cells are not labelled with CNA42 and present a more fusiform shape (D) RESULTS PrP Expressing Cells in the Spleen of Lambs PrP was detectable using 3 different antibodies directed against two different regions of PrP (4F2, RS1, RB 1), within the primary and secondary lymphoid follicles of the spleen (Fig 1A) . The number of 4F2 labelled follicles varied between the lambs from 16% to 100% depending mostly on the fixatives. PrP staining consisted more frequently as a fine deposit redrawing the cell membrane (Fig 1 C&D) . PrP was never seen in cortical areas, in red pulp, nor in blood vessels. In order to validate the cellular nature of PrP, we controlled that this PrP immunostaining disappeared when a combination of different pre-treatments was previously applied. The specificity of PrP immunostaining was also checked using an irrelevant antibody (GFAP) which didn't give such a staining. Sections in which the primary antibody was omitted were also used to evaluate the background staining, which was inexistent. FIGURE 2 FDCs identified by MGG staining (head arrow)(A) or by CNA42 monoclonal antibody (B), are associated with lymphocytes in lymphoid follicles. Two different focus of the same cell within a lymphoid follicle, identified as an FDC (head arrow, brown deposit) using CNA42, and PrP expressing cell using RB (arrow, red deposit) both markers located in the cytoplasm of the same cell (C, D) FDCs Express PrP in the Spleen
The Follicular Dendritic Cells (FDCs) were identifiable using May-Griinwald-Giemsa (MGG) staining (Fig 2A) and with CNA42 antibody (Fig 1B) . In both primary and secondary lymphoid follicles FDCs stained with MGG have a big nucleus, with a pink cytoplasm, a dendritic morphology and with an approximate size of 50 to 100 m of diameter. The CNA42 immunolabelling pattern was cytoplasmic, more intense along the cell membrane, redrawing many cell processes associated with neighbouring lymphocytes (Fig 2B) . No FDC labelling was seen in the red pulp or in the blood vessels area. PrP detected using RB 1 was seen within FDCs in our double labelling experiments (Fig 2C&D) .
Autonomic Innervation of the Spleen
Noradrenergic innervation was recognisable in the spleen using TH antibody. Noradrenergic fibers were FIGURE 3 Sympathetic innervation of the spleen. Noradrenergic fibers identified using anti-TH antibody (red deposit) around blood vessels (A) and near several immune cells (B). In double labelling experiments, noradrenergic fibers (red deposit, arrow) were detected at proximity of PrP expressing cells (brown deposit, head arrow) revealed using 4F2 (C&D) located within the trabeculae, the vasculature ( Fig 3A) and the capsule of the spleen. Within the white pulp, noradrenergic fibers were seen in the marginal zone and the mantle zone near immune cells (Fig3B). The immunostaining consisted of fine homogenous cytoplasmic deposits redrawing some processes. Using double labelling experiments, noradrenergic fibers were seen in the white pulp of the spleen at proximity of PrP expressing cells detected with 4F2 (Fig 3C&D) (Imai and Yamakawa, 1996) . This may reflect the fact that there may be several types f FDCs and only a part of them are identifiable using CNA42 (Schuurman et al., 1993) . This may also indicate that these cells could be B lymphocytes since they have been described as another major type of immune cell involved in peripheral prion replication. In our case, B lymphocytes couldn't be identified yet, particularly by a specific antibody to mammalian B-lymphocytes compared to mouse or cat spleen where B lymphocytes were easily detectable (data not shown). But B lymphocytes could be implicated in the TSE's pathogenesis without expressing PrP by themselves as well (Klein et al., 1998) . Interestingly, our study brings evidences of the existence of at least another type of cells beside typical FDCs that are not CNA42 labelled. These cells, identifiable only the basis of their more fusiform shape and specific location at the periphery of the mantle zone of the follicles strongly reminds the description of the Fibroblastic Reticulum Cells (FRC) (Imai and Yamakawa, 1996) . This is not necessarily in contradiction with the FDC nature since it is possible that under some factors, these unmature cells may be able to differentiate into FDCs. Beside the FDCs we also showed the possible involvement of autonomic nerve system. Actually, the presence of autonomic nerve fibers in lymphoid tissues provides an anatomical link between the nervous and immune systems. This may represent a part of the particular channel of communication implicated in prion spread in the body. The present immunohistochemical study provides direct evidence that noradrenergic fibers, revealed by the presence of one of the monoaminergic synthesising enzymes, the tyrosine hydroxylase as marker (Bj6rklund and H6kfelt, 1985) , are present within the ovine spleen. The great majority of the noradrenergic fibers were detected at proximity of the splenic nerve, around blood vessels, which is consistent with a classical role of blood pressure control or regulation of spleen contraction via the noradrenergic innervation detected in the capsule (Fried et al., 1986 To detect the PrP in the lambs, we used the 4F2 monoclonal antibody (kindly provided by J. Grassi, CEAJSPI, Saclay, France) and two rabbit antisera RS 1 and RB 1 (Table I ). These antisera are specific for PrP as demonstrated previously by Western blot applied on purified prion protein from scrapie affected sheep brain (Madec et al., 1998) . The FDCs were identified using a monoclonal antibody, the CNA42 (courtesy of Pr Delsol, Hrpital Toulouse, France) (Delsol et al., 1993) . Noradrenergic fibers were identified using a rabbit polyclonal antibody against the tyrosine hydroxylase (TH) (Institut Jacques Boy, France), the rate limitating enzyme in the synthesis of noradrenaline. We also used as control of PrP specificity a rabbit anti-GFAP polyclonal antibody (Dako).
Staining Procedure
The slides were dewaxed and rehydrated in water, then used for immunohistochemical analysis. Every step was done at room temperature. Endogenous peroxidase activity was blocked with 10 min incubation in 3% hydrogen peroxide in PBS 0.1M. Unspecific antigenic sites were blocked by a 30 min step in blocking reagent (Roche-Boehringer). Then the sections were incubated overnight with the primary antibody (GFAP or TH, Table I ). The spleen sections were rinsed before the detection of the primary antibody using the ABC system (Vector), succinctly first using the biotinylated anti-rabbit antibody (30 min) and secondly with a peroxydase-labelled avidin-biotin complex (ABC) (30 min). These steps were followed by washes 
